Background. Demonstrating differences between euthymic bipolar subjects and healthy controls in response to positive (happy) mood induction may help elucidate how mania evolves. This pilot study evaluates the Go task in a reward paradigm as a method for inducing a happy mood state and compares the response of euthymic bipolar subjects and healthy controls.
INTRODUCTION
Much research has focused on cognitive aspects of depression but manic mood states, although they have been far less intensively investigated, also appear to be associated with altered cognitions (Chamberlain & Sahakian, 2004) . Recent studies have shown that changes in the fluency of thought, speech, learning and memory impairment as well as disturbances in association patterns and attentional processes occur in the acute phase of mania, and persist in remission in between one-quarter and one-third of subjects (Martinez-Aran et al. 2004; Thompson et al. 2005) . However, standard emotionally neutral tests of motor function, memory and executive function do not differentiate between the cognitive changes associated with mania from those associated with depression. Consequently Sahakian and colleagues (Roiser et al. 2003 ; Chamberlain & Sahakian, 2004) have suggested that 'hot ' or emotion-dependent tasks may provide the key to the cognitive changes specific to each mood state.
While there have been several studies examining the cognitive changes associated with negative mood induction in both healthy students and subjects with depression, examination of the cognitions associated with mania in response to positive mood induction has been a relatively neglected area of research. One exception is a study by Wright and colleagues . The authors found that, after positive mood induction using video clips, bipolar patients scored significantly higher on a 24-item dysfunctional attitudes scale than remitted depressives and a normal control group. However, one of the problems with a video clips paradigm is that it can lead to cognitive priming. Hence a more cognitively neutral paradigm may be advantageous. The following pilot study was undertaken to examine whether it was possible to induce a positive mood using the Go task in a reward paradigm and whether once induced, significant differences in the cognitions of euthymic bipolar subjects compared with healthy controls could be demonstrated.
METHOD
Fifteen subjects who had participated in a genetic case-control study of bipolar disorder and who fulfilled operational criteria for DSM-IV bipolar 1 disorder volunteered to participate in a pilot mood induction study. All bipolar subjects had been previously interviewed using the Schedules for the Clinical Assessment of Neuropsychiatry (SCAN ; Wing et al. 1990) for psychopathology occurring in their worst episode of mania and their worst episode of depression and the results entered into the CATEGO5 scoring program (Celik, 2003) to assign a lifetime-ever diagnosis.
The Past History Schedule (McGuffin et al. 1986 ) was administered by phone to establish whether 19 volunteer age-and sex-matched control subjects had ever suffered or were currently suffering from any mental disorder.
All participants gave written informed consent and were screened with the Beck Depression Inventory (BDI ; Beck et al. 1961 ) and the Altman Mania Scale (AMS ; Altman et al. 1997) by telephone one week prior to testing, as well as on the day of the mood induction procedure. (The short-form BDI was administered by phone and the long-form completed on the day of testing.)
On the day of testing, all participants also completed the National Attainment Reading Test (NART ; Nelson, 1982) to provide a proxy measure of IQ. In addition, they also undertook the following before and after completing the Go task (Johnson et al. 2005 ) in a reward paradigm :
(1) The Sense of Hyper-Positive Self Scale (SHPSS ; Lam et al. 2005b) . Subjects are asked to describe, first how they are 'most of the time ' and second how they 'would like to be ' by responding to seven positive adjectives : confident, dynamic, etc., on a sixpoint scale from ' not at all ' to 'extremely '. (2) Tellegen's Mood Adjective checklist (Watson et al. 1988) . Subjects rate 10 adjectives of high positive affect and 10 of high negative affect a five-point scale rating from 'not true at all ' to 'very true about me '. (3) The Global-Local processing task (Witkin et al. 1971 ; Shah & Frith, 1983) . The ability to identify whether a small figure is embedded in a larger one. (4) Visual analogue scales on four occasions throughout the testing period (subjects placed a cross on a 10 cm line to indicate how happy or sad they felt.
The Go task was programmed using a serial response box with five lamps and five corresponding buttons. Subjects started each trial by pressing a centre button, after which a randomly selected lamp lit. The subject is then asked to press the button below that lamp as fast as possible. Subjects' reaction times were recorded in a computerized program. A practice trial, consisting of five button pressings was followed by two 2-minute button pressings without any monetary rewards (neutral condition). Subjects were then given feedback that their speed was 'very fast '. After these trials in neutral condition, subjects were encouraged to press as many buttons as they could in 2 minutes, and were paid 10 pence for each button pressed correctly. The program was set so that subjects were given feedback that they performed accurately 70% of the time. SHPSS, Tellegen adjectives and Global-Local task in cases and controls pre-and post-mood induction The mean scores on these measures pre-and post-mood induction (MI) are shown in Table 1 .
RESULTS
For the SHPSS, Table 1 shows that there was no significant difference in overall scores between cases and controls for either pre-or post-MI. Also repeated measures ANOVA with age as a co-variate indicates that there was no effect of MI on scores for both cases or controls (F=1 . 13, p=N.S.) and no MI by group (F=0 . 18; p=N.S.) or MI by age interaction (F=0 . 13, p=N.S.). Table 1 shows that cases endorsed significantly more Tellegen negative adjectives as being true about themselves than controls both pre-(t=2 . 54, df=20 . 48, p=0 . 02) and post-(t=2 . 13, df=21 . 35, p=0 . 05) mood induction, although there were no significant differences between cases and controls for positive adjectives. For negative adjectives there is an MI effect of lowering scores (F=9 . 81, p<0 . 01) in both cases and controls but there is no significant MI by group (F=1 . 26, p=N.S.) or MI by age interaction (F=0 . 16 ; p=N.S.).
On the Global-Local task, Table 1 shows that there were significant differences between cases and controls on both testing occasions for both 
S.).
Visual analogue scales pre-and post-mood induction The mean scores on the visual analogue (VA) scales 1 through 4 for cases and controls are shown in Table 2 . The Go task in the reward paradigm came between VA ratings 1 and 2. The table shows that cases rated themselves as somewhat less happy than controls before MI although this was not statistically significant. Mean scores for both cases and controls increased following MI, indicating that all subjects were happier. However, again there were no statistically significantly score differences between cases and controls. After completion of the second Global-Local task (VA4), the mean VA scores for controls had returned to just below that of the start of testing while mean scores for cases remained elevated. This was reflected in the repeated measures ANOVA that showed that both cases and controls became happier following MI (F=4 . 01, p=0 . 05) and that there was a significant MI by group interaction (F=4 . 51, p=0 . 04).
DISCUSSION
The SHPSS showed no differences in the scores of cases and controls at either time of testing although repeated measures ANOVA has shown that scores for all subjects became more positive following MI. However cases and controls did not differ in the magnitude of positive self-regard following MI. In contrast, the Tellegen negative adjectives, and the Global-Local task show significant differences between cases and controls, at both times of testing. Such case-control differences have been shown in other studies of euthymic bipolar subjects (Thompson et al. 2005) . In addition, in the Global-Local task, repeated measures ANOVA showed that all subjects had an enhanced ability to perform this task both correctly and speedily following MI, which could have been due to a practice effect rather than the impact of mood elevation. However, although both the Tellegen and Global-Local tasks showed greater improvement in scores in cases compared with controls following MI (the effect predicted by our hypothesis), these failed to achieve statistical significance, which may have been due to the small sample size of the pilot study.
The VA scales provide a simple self-rating of 'happiness ' which has shown a difference in response to positive MI between cases and controls. Table 2 shows that although cases were unhappier at the start of the testing procedure compared with controls, their scores rose following MI and remained elevated while controls show a rise in happiness ratings which declined again back to (below) preinduction levels by the end of the testing procedure. This finding of a prolonged happy mood response after positive MI is consistent with Goplerud & Depue's (1985) finding that cyclothymic participants had a more prolonged duration of recovery of mood, behaviour and cognitions than normal controls after a naturalistic stressful event. Although we have not shown any statistically significant differences between cases and controls for individual visual analogue ratings, repeated measures ANOVA showed that the change over time in ratings was significant.
The MI paradigm employed in this study has demonstrated not only that both cases and controls respond to positive MI but also that the response shown by euthymic bipolar subjects is different to that of controls in being more sustained. Thus our findings support Depue's Behavioural Activation theory (BAS) theory of bipolar disorder (Depue et al. 1981 ). An alternative explanation is that the euthymic bipolar subjects started from a lower baseline and consequently had more scope for mood elevation. Indeed, VA1 shows that bipolar subjects do have lower scores than the controls although these do not differ significantly. However, what is particularly notable about the VA scores over time is that mood elevation persists in bipolar subjects so that by VA4 bipolar subjects scores are remaining high while scores for controls have come down to pre-MI levels. Thus we suggest that it is the sustained elevated mood following positive MI that distinguishes bipolar subjects from controls rather than the level of their self-reported mood prior to MI. However, our results need to be considered in light of some limitations to the study design. First, we have not included a psychiatric control group, for example subjects with remitted unipolar depression, which would have allowed the identification of vulnerability factors that are unique to bipolar disorder. Secondly, in order to distinguish between the effects of mood change and a practice effect, a negative MI paradigm could have been added to the positive MI, counterbalancing the order of presentation. Thirdly, we have not included a control condition for unrewarded activity. Hence we cannot say for certain that the mood improvement was entirely due to the rewarding properties of the Go task.
Despite these caveats and the small size of a pilot study, we suggest that our results show that following positive MI, significant differences can be found between the response of euthymic bipolar subjects and healthy controls. A detailed analysis of the changes in mood, behaviour and cognition that occur in an elevated mood state will improve our understanding of how mania unfolds. Not only will this have important implications for the development of psychological treatments for bipolar disorder but also the MI paradigm used in this pilot study is relatively simple and could be readily employed for examining the brain function in mania using neuroimaging techniques.
CONCLUSIONS
The results of this study have shown that a positive or 'happy' mood can be induced in both control and euthymic bipolar subjects using the Go Task in a reward paradigm which can be demonstrated by increases in 'happiness ' ratings on scales such as the SHPSS, Tellegen adjectives, the Global-Local task and serial visual analogue ratings. However, only the visual analogue ratings showed significant differences between cases and controls following MI, with cases having a sustained elevation of mood while in controls mood returns to normal.
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